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Dementia with Lewy bodies (DLB) is the second to third most common 
cause of neurodegenerative dementia after Alzheimer’s disease (AD). It is 
characterised by cognitive fluctuations, visual hallucinations, and 
Parkinsonism. However at early stages, both diseases can present similar 
clinical phenotypes which obstruct differential diagnosis and proper 
treatment. 
 
In this study, we analysed resting state fMRI (rs-fMRI) images from AD 
and DLB patients as well as healthy controls using graph theory. The use of 
network analysis to the study of DLB revealed significant differences with 
AD and healthy controls. 
Imaging was performed using a 3T Philips Intera Achieva scanner. MRI 
and fMRI were preprocessed using FMRIB’s Software Library (FSL 
version 4.1) and coregistered to standard space MNI152 using FNIRT. 
fMRI images were motion corrected using FLIRT, spatially smoothed 
(FWHM of 6 mm), and high-pass filtered (150 secs). To further clean the 
fMRI datasets, independent component analysis using MELODIC was 
carried out on each subject’s dataset. Component resembling artifacts, such 
as movements, or cerebro-spinal fluid were filtered out. 
 
Brain parcellation was implemented using the Harvard-Oxford atlas, with 
further subdivision of the cingulated gyrus and frontal pole resulting in a 
total 100 regions. 6-mm spheric seeds were then placed at the centre of 
gravity of each region for time series extraction. 
 
fMRI time series from each subject were then used to compute Pearson’s 
correlation matrices. We opted for the analysis of binary connectivity 
matrices and in order to compare networks between subjects we 
normalised the connectivity matrices by edge density.  
 
A battery of four tests were implemented to study the connectivity 
matrices: a) Edge strength and edge counting by short, middle, and long 
range connections; b) Global network measures; c) Local network 
measures; and d) Hub migration. The edge density ranges for these 
analyses were from 4% to 80% for test a and 4% to 50% for test b, c, and 
d. 
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Hubs: local efficiency and clustering coefficient 
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The edge strength and edge counting results (Fig. 1), showed a generalized 
decreased edge strength in the DLB (Fig 1A). This difference in DLB was 
significantly lower when compared to AD for all edge ranges and 
significantly lower for medium and long distance ranges when compared 
to controls. 
 
Edge counting at different edge lengths showed no statistical significance 
in patient groups when compared to controls. However, there is a trend of 
decreased in short range connections in AD and medium range 
connections in DLB. When comparing patient groups, DLBs showed 
significantly higher short range connections than AD for network densities 
10-46% (Fig 1B). 
Clustering coefficient and global efficiency 
measures were also higher in average in DLBs 
than controls and ADs. 
 
Local network measures (node degree, local 
efficiency, and nodal betweenness centrality) 
were compared between groups. Fig. 3 shows 
results for controls vs. DLB, and DLB vs. AD 
comparisons. DLB showed higher local 
efficiency and node degree in anterior temporal 
regions when compared to AD. 
 
For the control group, hubs were found in 
cingulate gyri and parieto-occipital regions. In 
AD, hubs were found posterior-cingulate, 
parietal and occipital area. In DLB most of the 
hubs where found in occipito-temporal areas 
(see Fig 4). 
Global network measures results are shown in 
Fig. 2. AD group showed decreased small-
worldness but no significant when compared to 
controls. DLB showed increased small-
worldness also not significant when compared 
to controls, but significant when compared to 
AD.   
Our results demonstrate a generalised desynchronisation in DLB compared to healthy controls. On the other hand, the AD 
group did not show lower connectivity strength shown by correlation coefficients compared to the control group.  
 
The edge length counting test revealed that in DLB that there is a decrease of medium range connections, whilst in AD there 
is a decrease of short range connections when compared to controls. Long range connections contribute to the integration of 
the network components by providing shorter paths to communicate distant network regions, and this is also likely to be the 
case for middle range connections. In contrast short length edges contribute to segregation of local subnetworks by 
increasing clustering. Our data suggest that in DLB there is segregation of distant brain networks and poor communication 
between them, whilst in contrast AD causes more regionally specific network alterations.  
 
Differences in local network measures also agree with previous findings in other neuroimaging modalities in DLB and AD. 
For instance, AD is characterised by grey matter loss in temporal cortices even at early stages of the disease and this has been 
corroborated by several voxel based morphometry (VBM) studies [1]. Also, hypometabolism in occipital and parietal regions 
has been reported to be lower in DLB compared to AD [2] and associated with cognitive fluctuations in DLB [3]. These 
differences are more noticeable for local efficiency when comparing DLB and AD (Fig 3 in squared frame). 
This is the first study known to the authors that analyse DLB 
from the network perspective. Our findings confirm the current 
consensus that in AD there is a decrease in small-worldness [4] 
which is driven by a decrease of short range connections altering 
local connectivity.  
 
Higher small-worldness in DLB is driven by disconnections of 
middle range edges compared to controls impairing 
communication between distant regions and multiple systems. 
This finding might be related to the wider range of symptoms 
presented in DLB compared to AD.  
 
In summary we provide evidence of network differences between 
DLB and AD and this may be helpful in the differential diagnosis 
of these conditions as well as informing aetiological models of 
these conditions [5].  
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Fig. 1. A) Edge correlation strength comparisons at three edge length intervals (short, medium, long). For 
the three length intervals DLB showed lower correlation than controls. HC vs DLB comparisons showed 
significant lower correlations for medium and long edges in DLB than AD. B) Edge counting at three edge 
length intervals. DLB showed significantly more short range edges than AD as shown in the bottom row. 
Fig. 2. Global network measures. 
DLB showed higher  small-
worldness than controls and AD. 
On the contrary AD showed lower 
small-worldness than controls.  
Fig. 3. Local network measure comparisons. Consistent regional patterns were found between AD and DLB mainly for temporal and parietal lobes. AD showed lower local 
efficiency than DLB in temporal cortices. DLB showed  lower local efficiency in parietal and occipital regions when compared to AD. These differences can also be seen for the 
node degree comparisons. For controls vs DLB, red spheres mean higher scores in control subjects and blue spheres the contrary. For DLB vs AD red spheres mean higher 
scores in DLB and blue spheres the contrary. 
Fig. 4. Hub distribution in controls, AD and DLB. For DLBs, most of the hubs 
were found in occipital areas. Hubs are shown as red spheres. 
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